By modification of the conformal transformation used by Chang in determining uniform field electrode profiles, a large improvement can be achieved in the uniformity of the electric field strength distribution over the surface of the electrodes. When such electrodes are used in a TEA laser system, smaller electrodes can be used for the same gas discharge width.
Introduction 2. The conformal transformation
In order to obtain high output powers from transversely excited pulsed lasers it is important to have a very uniform energy loading of the active gas medium. That is why there is a need for specially contoured electrodes which produce a very uniform field strength over a certain amount of surface. A number of authors have given solutions to this problem. Up to now, Rogowski profiles [ 1] are most commonly used, but have the serious disadvantage that three smooth segments have to be joint together in an undefined and rough manner. The best profiles are made by using the analytic formulas derived by Chang [2] . For a realistic Chang profde, however, the width of a TEA laser electrode, required to produce a square discharge, amounts to approximately 3.5 times the discharge width [3] . For some applications, however, it is desirable to have a smaller electrode-to-discharge width ratio. This is, for instance, the case for large aperture CO 2 or CO lasers, where the distance of the UV source from the electrode centre is an important measure, or for large aperture UV lasers, where the electrode inductance contributes significantly to the total circuit inductance. Compacting the electrodes in the way Chang describes in his paper is undesirable because that leads to a decrease in the field strength uniformity at the electrode surface. That is why we looked for compacting in a different way.
We start with the same conformal transformation as used by Chang:
where ~ = x + iy and w = u + io, with x and y being the space coordinates and u and o being the flux and potential functions, respectively. However, instead of k being a constant, we assume k to be a function of w. For every value of o (Iol < rr) the prof'de of the corresponding equipotential surface is given by
where u is the running variable. Because the prof'de has to be s~.nmetric with respect to the y axis and because the +v and -o equipotentials have to be mirror images with respect to the x axis, the real part of k, designated by Re (k), has to be an even function with respect to u as well as o, whereas the imaginary part of k, designated by Im (k), has to be an odd function With respect to u as well as u. Those conditions are fulfilled when k is an even function of w.
As can be seen from relations (2) and (3), the uniform field electrode (UFE) profile is not uniquely determined. For the case that k is a real constant, k 0, two independent variables, k 0 and o, can be chosen, both of which determine the form of the prof'de as well as the electric field strength distribution. To find 0 030-4018/83/0000-0000/$ 03.00 © 1983 North-Holland 47 the optimum UFE profile, an expression is needed for the electric field strength:
When the electric field strength is expressed as a power series expansion in u,
the optimum profile can be found by requiring the lower coefficients (except, of course, for the first one, E0) to vanish, or, if this is impossible, to be maximum. In the case of k being a constant ko, the second coefficient has to be zero or
where
and where the exponent between brackets denotes the number of differentiations with respect to u. From (6) the following condition follows:
as already has been derived by Chang.
We shall now treat two specific cases of improved UFE profiles. In the first case a fourth-power function in w will be chosen for k and in the second case k will be an eighth-power function in w.
(A) k is a fourth-power function in w.
As already mentioned, improvements of UFE profiles can be expected if k is allowed to be some even function of w. Although, in principle, many types of functions can be tried, the easiest way is probably to take some terms of a power series expansion of k around w = 0.
In this section we will consider the case where k has the following form:
For the coordinates equations (2) and (3) hold where
Now we have four free parameters, k0, k2, k 4 , and o, to optimize the profile. This means that it is not only possible to require the coefficient E2, but also to require the coefficients E 4 and E 6 from eq. (5) to vanish. So equation (6) must be satisfied together with the following two equations:
and where the exponent between brackets denotes the number of differentiations with respect to u again.
The computer calculations show a rather capricious behaviour of the coefficient E 6 as a function of v for E 2 and E 4 both zero. This behaviour is shown in fig.  1 for a k 0 value of 0.02. The dotted part of the curve denotes negative values ofE 6. Two zero points are found in this case, one for v = 1.621403 and one for o = 3.036043, the latter one being unimportant.
Figs. 2 and 3 show the results of our computer calculations when all three coefficients E2, E4, and E 6 equal zero. In order to make the use of this type of profile convenient to everyone, the optimum k-ko+~k2w +~k4w +-~k6w +~ksw8.
(17)
For the coordinates equations (2) and (3) hold again where now
Re (k) = k 0 + ½ k2(u2 -02)+ I k4(t/4 + o4 -6u2o 2) + ~-6 k6(u 6 -o6 _ 15u4o2 + 15u2o 4) (18) + ~ k8(u8 + 08 -28u6u 2 -28U206 + 70u4o4),
Six parameters, k0, k2, k4, k6, k8, and o, are free to optimize the profile. This means that it is now possible to require all coefficients, E2, E4, E6, E8, and El0 from eq. (5) to vanish. So equations (6), (13) and (14) must be satisfied together with the following two equations:
(20) 
where f(u) and g(u) are given by eqs. (15) and (16) together with (18) and (19) and where the exponent between brackets denotes the number of differentiations with respect to u again. The results of our computer calculations are shown in figs. 4 and 5. In order to make convenient use of this type of profile, the results are given again in tabular form in table 2. Table 2 1. 
Comparison of different prof'des; discussion
In fig. 6 the shape is shown of the profdes for the three following cases: all three profiles have k 0 = 0.02; curve A is optimized for k being a constant, curve B for k being a fourth-power function in w and curve C for k being an eighth-power function in w. Curve C has a width that is 10 to 15% smaller than curve A.
The field distribution at the surface of the prolrfles is very much different. Fig. 7 shows the field-strength distribution at the electrode surface for the corresponding profdes of fig. 6 . At the vertical axis the normalized difference has been plotted between the field strength at the position x/y 0 and the electrode centre. A great improvement of the field-strength uniformity is found. The question, however, is to which part the field-strength distribution in the space between the electrodes determines the discharge width. Therefore the field-strength distribution is also calculated at the midplane between the electrodes, where o = 0. The results are plotted in fig. 7 , curve A'. The distribution is essentially the same for all three cases. Experiments have to be carried out to determine the discharge width for the different profiles. For the curves A, B, and C the k function is respectively a con. stant, a fourth-power function and an eighth-power function of w. The ko value is 0.02. The curve A' gi¢es the deviation of the electric-field strength at the midplane between the electrodes, also from its central value.
